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[57] ABSTRACT 

The invention relates to a transponder for a vehicle 
identification device in which a radio wave including 
vehicle information returned from transponders pro- 
vided in a vehicle is received by an interrogator. The 
vehicle transponder receives a query radio wave and 
uses a detection device to generate a previously memo* 
rized coded signal train in response to a received wave. 
The coded signal train varies an amount of bias voltage 
of the detection device so that a reflection coefficient of 
the detection device is varied to modulate the reflection 
wave of the query radio wave and the modulated wave 
is transmitted back to the interrogator. 

10 Claims, 7 Drawing Sheets 
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TRANSPONDER FOR VEHICLE 

roENnncATioN device 

This is a continuation of application Ser. No. 5 
* 07/588,994, filed on Sep. 26, 1990, which was aban- 
doned upon the filing hereof. ^ 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 10 
This invention relates to a transponder in a vehicle 

device on the vehicle side identification. 

2. Description of the Related Art 

As a conventional vehicle identification device, de- 
vices such as shown in Japanese Unexamined Utility 15 
Model Publication No. 57-159180 or Japanese Unexam- 
ined Patent Publication No. 61-201 179 are well known. 

In these conventional vehicle identification devices, a 
transponder, also called an identification tag (tag in 2Q 
short) modulates an unmodulated microwave transmit- 
ted from an interrogator with an ID code stored in a 
memory means provided in the tag and returns the 
modulated microwave back to the interrogator. Infor- 
mation inherent to a certain vehicle on which the tag is 25 
mounted is thus reported to the interrogator. 

One example of the construction of a conventional 
vehicle identification device is shown in FIG. 1. 

In FIG. 1, the conventional vehicle identification 
device is provided with an interrogator 1 and a tag 2. 30 
The interrogator 1 transmits an unmodulated micro- 
wave generated from a microwave oscillator 10 from an 
antenna 13 through a circulator 11 and demodulates the 
microwave received by the antenna 13 utilizing a de- 
modulator 12 to output the demodulated microwave. 35 

The tag 2 is designed so as to enable an electric power 
source 23 for a modulator 25 and a ROM 24 to be 
switched ON only when the unmodulated microwave 
transmitted from the interrogator 1 is received by the 
antenna 21 and detected by a detector 22, in order to 40 
prevent excess consumption of electric power of a bat- 
tery. 

Thus, when the electric power source 23 is ON, the 
tag modulates the microwave thus received in response 
to a coded signal stored in the ROM 24 and transmits 45 
back the modulated microwave to the interrogator 1. 

In the conventional technology as shown in FIG. 1, 
the tag is generally required to have a detecting antenna 
21, a detector 22, and an electric power source control- 
ling circuit 23, in addition to a modulating antenna 26 *° 
and a modulator 25, to perform its inherent operation. 

Among these components, the detecting antenna 21 
modulating antenna 26 and the detector 22 and modula- 
tor 25 constitute distributed constant circuits. There- „ 
fore, it is difficult to minimize the size thereof to that of 
another lumped constant circuit. 

Especially, the antennas 21 and 26 are required to 
have at least a predetermined area to obtain a gain high 
enough to operate the tag normally and thus the area ^ 
occupied by these antennas is the largest among those of 
other components in the tag. 

Accordingly, it is difficult to minimize the size of the 
tag remarkably in a conventional tag having two anten- 
nas. 63 

The object of the present invention is to overcome 
these technological problems in the conventional tag 
and to provide a tag with a minimized size. 



SUMMARY OF THE INVENTION 

To attain the object of the present invention, there is 
provided transponder for a vehicle identification device 
in which a radio wave including vehicle information 
returned from a transponder provided in each vehicle is 
received by an interrogator. Each vehicle transponder 
comprises an antenna for receiving a query radio wave 
transmitted from the interrogator, a detection device 
for detecting the query radio wave received by the 
antenna, a coded signal generating means for generating 
a coded signal train, previously stored, in response to a 
detection output from the detection device, and a bias 
controlling means for varying an amount of the bias of 
the detection device in accordance with the coded sig- 
nal train output from the coded signal generating means 
and for varying a reflection coefficient of the detection 
device in accordance with the coded signal train so that 
the coded signal train is returned to the interrogator as 
a responding radio wave generated by modulating the 
reflected wave of the query radio wave. 

The transponder for a vehicle identification device of 
the present invention receives and detects a query radio 
wave and generates a previously memorized coded 
signal train in response to the detection output. 

After that, this coded signal train causes a change in 
the reflection coefficient of the detector, whereby the 
reflected wave of the query radio wave is transmitted 
back to the interrogator as a modulated radio wave. 

The present invention is characterized in that the 
reflection coefficient is varied by varying the amount of 
bias of the detection device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a construction of a con- 
ventional vehicle identification device; 

FIG. 2 is a block diagram of a construction of one 
embodiment of a vehicle identification device of the 
present invention; 

FIG. 3 shows a circuit used in the embodiment shown 
in FIG. 2; 

FIG. 4 is a timing chart illustrating an operation of 
the embodiment shown in FIG. 2; 

FIG. 5 is a block diagram of a construction of another 
embodiment of a vehicle identification device of the 
present invention; 

FIG. 6 is a flow chart of the operation of the other 
embodiment shown in FIG. 5; and 

FIG. 7 is a time chart of the operation of the other 
embodiment shown in FIG. 5; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present invention 
will be explained with reference to the attached draw- 
ings hereunder. 

As stated above, the basic technological feature of the 
present invention is that a transponder, i.e., tag, com- 
prising an antenna 210 for receiving a query radio wave 
transmitted from the interrogator 1, a detection device 
230 for detecting the query radio wave received by the 
antenna 210, a coded signal generating means 290 for 
generating a coded signal train, previously stored, in 
response to a detection output generated from the de- 
tection device 230, and a bias controlling means 232 for 
varying an amount of the bias of the detection device in 
accordance with the coded signal train output from the 
coded signal generating means 290 and for varying a 
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reflection coefficient of the detection device 230 in code therefrom in response to a reset signal input to a 

accordance with the coded signal train so that the terminal RST through a gate circuit 272. 

coded signal train is returned to the interrogator 1 as a The ID code is output from a terminal DATA in 

responding radio wave generated by modulating the synchronization with a clock signal input to a terminal 
reflected wave of the query radio wave. 5 CLK. 

This feature is embodied in the block diagram of FIG. The waveform of the ID code thus output therefrom 

2, in which a tag 200 is provided with an antenna 210 is shaped through a gate circuit 293, a low-pass filter 

which is commonly used for detecting and modulating 294, and an amplifier 295 and then input to a bias termi- 

a radio wave, a detection device 230 having an output nal 232 of the detection device through a switching 
terminal 321 from which a negative voltage is output 10 circuit 296. 

when a microwave is detected and a bias input terminal The switching circuit 296 is provided to obtain a 

232, an electric power source controlling circuit 270 necessary bias current for the detecting diode 235. 
which can supply electric power to a coded signal gen- In this embodiment, the ID code, i.e., a coded signal, 
erating means 290 when an input voltage exceeds a may be used in a form of a coded signal train or the like 
certain threshold voltage Vth thereof, and a coded 15 and the coded signal train is previously prepared in 
signal generating means 290 generating a modulating accordance with an inherent coded signal of the tran- 
signal in response to an ID code previously stored in a sponder mounted on the individual vehicle. 

certain memory. The operation of this embodiment will be explained 

In this embodiment, the coded signal generating with reference to FIGS. 2 to 4 hereunder, 
means 290 also serves as a bias controlling means con- 20 FIG. 4 is a timing chart indicating the signal level of 

nected to the bias terminal 232. each component used in this embodiment as shown in 

FIG. 3 shows the detailed circuit of one embodiment FIGS. 2 and 3. 

of a tag of the present invention. In that figure, the In FIG. 4, a denotes an unmodulated microwave 

antenna 210 and the detection device 230 constitute a transmitted from the interrogator and b denotes a detec- 

distributed constant circuit of a micro strip line. tion output of the detection device 230. 

The detection device 230 is provided with a 5011 line Further, c, d, and e denote an output of the peak 

233, a stub 234 for matching an input signal, a Schottky detector 250, an output of the electric power source 
barrier diode 235, a low-pass filter for generating a DC controlling circuit 270, and a modulated signal modu- 
bias and for outputting a detection output, and a short ^ lated by the ID code output from the ROM 291, respec- 
terraination for a high frequency wave having a wave- tively. 

length of X/4 (wherein X is a line wavelength). f denotes a modulated microwave transmitted back 

In this embodiment, a modulating function is given to from the tag to the interrogator, 

a detection device, which is conventionally used only In that figure, when a tag 200 comes into a identifying 
for detecting purposes, without changing the basic con- 35 area of the interrogator 1 and receives an unmodulated 

struction of the detection device itself. microwave at a time Ti, a negative voltage as shown in 

Note that, in this embodiment, the bias current to the the waveform b is output from the detection output 

Schottky barrier diode 235 is changed by applying the terminal 231. 

modulated signal to the bias input terminal 232, When a signal c generated by invertedly amplifying 
whereby a reflection microwave is modulated by the 40 the detection output b exceeds a certain threshold volt- 
amplitude modulation method utilizing variation of the age level at a time T2, the output of the electric power 
reflection coefficient of the detection diode 235 in re- source controlling means 270 is turned ON, whereby 
sponse to the variation of the bias current the ROM 291 and the clock generating circuit 292 start 

According to this embodiment, since the detection to operate, 

device 230 has a modulating function, a modulator and 45 After the ROM 291 outputs the ID code at a time T 3 , 

a modulating antenna, necessary components in a con- the reflection coefficient of the detection diode 235 is 

ventional detection device, can be omitted, so the size of varied and thus the reflected wave f is modulated by an 

the distributed constant circuit of the tag can be re- amplitude modulating method, 

duced to a half of that in a conventional detection de- In this system, although the detection output signal b 

V1 ^ e l , 50 is also varied due to the variation of the bias of the 

While, in this embodiment, since a modulating signal detection diode 235, the variation can be absorbed by a 

should be superimposed on a detection output signal peak detecting circuit 250 and no adverse effect is given 

when the modulating operation is carried out, a circuit to the electric power signal d. 

for eliminating the modulated signal component from The modulating operation is ended at the time T4. 

the detection output is required. 55 Then, after the tag 200 gets out from the identifying 

Toward this end, in this embodiment, a peak detect- area at the time T$and a predetermined time for keeping 

ing means 250 comprising an inverting amplifier 251 the signal of the peak detection device 250 has passed at 

and an envelope detection circuit 252 is provided in the the time T& the electric power source is turned OFF to 

te 8* result in a waiting condition for the next detecting oper- 

When the output voltage of the peak detecting means 60 ation. 

250 exceeds a threshold voltage Vth of a comparator As explained above, in this embodiment, a micro- 

271 in the electric power source controlling means 270, wave received by the antenna 210 is modulated by am- 

electnc power is supplied to a ROM 291 and clock plitude modulation in two conditions, i.e., a reflecting 

oscillator 292, whereby transmission of the ID code is condition and an absorbing condition, utilizing variation 

started. 65 0 f the reflection coefficient caused by the variation of 

In this situation, the electric power is input to an input the bias current in the detection diode 235. 

terminal Vcc of the ROM 291 through a gate circuit Then, the thus absorbed microwave is detected and 

273, whereby the ROM 291 starts to transmit the ID used for maintaining the power source. 
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Accordingly, in this embodiment, a function equiva- 
lent to that of a conventional tag can be realized by a 
microwave circuit having only one antenna and one 
diode and thereby a cheaper tag having a smaller size 
compared with that of a conventional one can be pro- 5 
duced. 

In this embodiment shown in FIG. 3, although a 
Schottky barrier diode is used as the detection diode 
235, any kind of device having both a detecting function 
and a function by which the reflection coefficient is 10 
varied in response to a bias current, for example, a tran- 
sistor, can be used to constitute a tag having the same 
function as explained above. 

Instead of using the peak detection device 250, the 
electric power source controlling circuit 270, and the 15 
coded signal generating means 290, in order to obtain a 
tag a having the same function as explained above, a 
computer circuit, i.e., CPU circuit, can be used, in 
which a certain software program under which the 
circuit is operated for a predetermined time duration 20 
after a detection signal is input therein for outputting 
the ID code associated therewith. 

In the embodiment of the present invention as ex- 
plained above, only the ID code is read out from the 
tag, but the present invention can be applied to a tag 25 
having a function to write signals therein. 

FIG. 5 is a block diagram of another embodiment of 
the present invention. 

In that figure, components common to FIG. 2 carry 
the same reference numerals as used in FIG. 2, and the 30 
explanations thereof are omitted. 

In FIG. 5, an interrogator 100 has a function for 
modulating a microwave with amplitude modulation 
and transmitting the thus modulated signal. 

While, a tag 300 is provided with an AC amplifier 35 
310, comparators 320 and 330, CPU 340, and a RAM 
350. 

The CPU 340 is further provided with a switching 
control terminal 341 for switching an operation mode, 
an input terminal 342 for inputting write data thereinto, 40 
and an output terminal 343 for outputting a modulated 
signal. 

The CPU 340 has a program as shown in FIG. 6, in 
which when the terminal 341 is turned OFF, the opera- 
tion mode thereof is switched to a waiting mode (power 45 
saving mode) carried out along steps 401 and 402, while 
when it is turned ON, the operation mode thereof is 
switched to an operation mode in which an ID code is 
transmitted at step 403, and then switched again to a 
receiving mode carried out along steps 404 and 405. 50 

The operation of the tag of the embodiment shown in 
FIG. 5 will be explained with reference to the timing 
chart of FIG. 7 hereunder. 

The sections g to 1 illustrate waveform signals at 
corresponding portions in FIG. 6. 55 

As shown in FIG. 7, the interrogator 100 is continu- 
ously transmitting an unmodulated microwave there- 
from until a response from the tag 300 is received. 

When the tag 300 entered into a discriminating area 
of the interrogator 100 at a time Ti, the CPU starts to 60 
operate at time T2. 

During the time T3 to T4, the tag modulates the mi- 
crowave thus received with an ID code thereof and 
transmits the modulated microwave to the interrogator 
100. 65 

The interrogator 100, receives which the microwave 
modulated by the ID code from the tag 300, modulates 
the microwave with an amplitude modulation in re- 



sponse to writing data starting from the time T5 and 
transmits the thus AM modulated microwave to the tag 
again. 

The tag 300 receives and detects the AM modulated 
microwave to rewrite the corresponding data in the 
RAM 350. 

Thereafter, the tag 300 moves out of the identifying 
area of the interrogator 100 at the time T6, and the CPU 
is placed into a waiting mode after a predetermined time 
for keeping the peak value of the peak detector device 
250 has passed. 

As explained above, in this embodiment, a data writ- 
able tag can be obtained utilizing a microwave circuit 
having only one antenna and one detection device 
therein. 

According to the present invention, one antenna can 
be commonly used for an antenna to receive an query 
radio wave and for to transmit a reflected radio wave 
modulated in accordance with a coded signal train. 

Further, in the present invention, remarkable effects 
in which the size of the transponder can be significantly 
minimized can be obtained. 

While the invention has been described in terms of 
certain preferred embodiments, the skilled worker prac- 
ticed in the art will recognize that there are various 
changes, modifications, omissions and substitutions that 
may be made without departing from the spirit thereof. 

We claim: 

1. A transponder used in a mobile body identification 
system in which an interrogator generates a query radio 
wave to a mobile body and receives a radio wave in- 
cluding mobile body information returned from a tran- 
sponder provided on said mobile body, said transponder 
comprising: 

an antenna for receiving a query radio wave transmit- 
ted from said interrogator to activate a code signal 
generating means and to modulate a signal, and for 
transmitting a modulated radio wave to said inter- 
rogator; 

a detection device for detecting said query radio 
wave received by said antenna and for generating a 
detection signal; 

coded signal generating means for generating a coded 
signal train output previously stored in response to 
said detection signal, and 

bias controlling means for varying an amount of bias 
of said detection device in accordance with said 
coded signal train output and for varying a reflec- 
tion coefficient of said detection device in accor- 
dance with said coded signal train output so that 
said coded signal train output is returned to said 
interrogator as a responding radio wave generated 
by modulating said reflected wave of said query 
radio wave; 

an electric power source controlling means for sup- 
plying the electric power to said coded signal gen- 
erating means when a detection output having a 
level exceeding a predetermined set level is de- 
tected; and 

a circuit for eliminating a modulated component 
modulated by said bias controlling means and 
which is superimposed on said detection output 
generated from said detection device to preclude 
transmitting the modulated wave, such as a second 
harmonic wave. 

2. A transponder for a vehicle identification device 
according to claim 1, wherein said coded signal train is 
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previously prepared in accordance with an inherent 
coded signal of a respective transponder. 

3. A transponder for a vehicle identification device 
according to claim 1, wherein said eliminating circuit 
eliminates an adverse effect caused by said modulated 5 
component by detecting said detection output from said 
detection device, interposed with said modulated com- 
ponent modulated by said bias controlling means, utiliz- 
ing an enveloped line detecting method. 

4. A transponder for a vehicle identification device 10 
according to claim 1, wherein said detection device is a 
Schottky barrier diode. 

5. A transponder for a vehicle identification device 
according to claim 1, wherein said radio wave is a mi- 
crowave. 15 

6. A transponder provided on a vehicle and used in a 
vehicle identification device in which information of 
said vehicle is read by an interrogator utilizing a micro- 
wave in a non-contacting transponder, said transponder 
comprising: 20 

an antenna for receiving a query microwave transmit- 
ted from said interrogator, 

a detection device including a detection device for 
detecting said query microwave received by said 
antenna and a bias terminal to give a bias voltage to 25 
said detection device, 

a coded signal generating means for generating a 
coded signal train previously determined with re- 
spect to said information as a modulating signal in 
response to a detection output generated from said 30 
detection device and for applying said modulating 
signal to said bias terminal to vary the amount of 
said bias of said detection device so as to vary a 
reflection coefficient of said detection device in 
accordance with said coded signal train and to 35 
modulate a reflected wave of said query micro- 
wave with amplitude modulation (AM) in accor- 
dance with said coded signal train to return it back 
to said interrogator through said antenna; 

wherein said transponder is further provided with an 40 
electric power source controlling circuit for sup- 
plying electric power to said coded signal generat- 
ing means in response to a detection output gener- 
ated from said detection device; and 

wherein said transponder is further provided with a 45 
circuit for eliminating a modulated component 
caused by said modulated signal output from said 
coded signal generating means and superimposed 
on a detection output generated from said detec- 
tion device to preclude transmitting the modulated 50 
wave, such as a second harmonic wave, and 

wherein said electric power source controlling cir- 
cuit supplies electric power to said coded signal 
generating means in response to a detection output 
with a modulated component thereof being elimi- 55 
nated by said eliminating circuit. 

7. A transponder for, a vehicle identification device 
according to claim 6, wherein said transponder is fur- 
ther provided with an electric power source controlling 
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circuit for supplying electric power to said coded signal 
generating means in response to a detection output 
generated from said detection device. 

8. A transponder for vehicle identification device 
according to claim 7, wherein said transponder is fur- 
ther provided with a circuit for eliminating a modulated 
component caused by said modulated signal output 
from said coded signal generating means and superim- 
posed on a detection output generated from said detec- 
tion device and wherein said electric power source 
controlling circuit supplies electric power to said coded 
signal generating means in response to a detection out- 
put with a modulated component thereof being elimi- 
nated by said eliminating circuit. 

9. A transponder for a vehicle identification device 
according to claim 6, wherein said eliminating circuit 
detects said detection output generated from said detec- 
tion device to which modulated components caused by 
said modulated signal output from said coded signal 
generating means are superimposed by an envelope 
detection method. 

10. A transponder for a vehicle identification device 
in which information is transmitted between an interro- 
gator and transponders provided on vehicles utilizing 
microwaves, each of said transponder comprising: 

a detector comprising an antenna for receiving a 
query microwave generated from said interroga- 
tor, a detection device, and a bias terminal for bias- 
ing said detection device, said detector functioning 
such that said query microwave received by said 
antenna is modulated with amplitude modulation 
(AM) in two conditions such as a reflecting and 
absorbing condition, a reflection wave of said mod- 
ulated query microwave is returned back to said 
interrogator from said antenna as a responding 
microwave, then said microwave thus received is 
detected, 

a coded signal generating means for outputting prede- 
termined coded signal trains as a modulating signal 
in response to said vehicle information and varying 
an amount of bias of said detection device in re- 
sponse to said coded signal train by applying said 
modulating signal to said bias terminal, whereby a 
reflection coefficient of said detection device is 
varied in response to said coded signal train, 

a circuit for eliminating modulated components by 
said modulating signal generated from said coded 
signal generating means and superimposed on a 
detection output detected by said detector, from 
said detection output, to preclude transmitting the 
modulated wave, such as a second harmonic wave, 
and 

an electric power source controlling means for sup- 
plying electric power to said coded signal generat- 
ing means in response to said detection output, said 
modulated components thereof being eliminated 
therefrom by said eliminating circuit to give oper- 
ating time for said coded signal generating means. 
* * * * • 
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with information selected for transmission, an antenna 
on the transponder for reflecting the amplitude modu- 
lated signal, and a receiver which is preferably located 
at the generator. The receiver processes the signal to 
determine the information carried thereby. 

10 Claims, 8 Drawing Figures 



80 
J- 




JL 



Voltage 
regulator 



Vbltage 
doubler 
rectifier 



$8 90 



Half-wave 
dlpolo 



92 



Thermistor 



ruin 



Temperature 
sensitive 
oscillator 



Cyclic 
code 
generator 



07/28/2004, EAST Version: 1.4.1 



U.S. Patent Feb. 21. 1978 Sheet 1 of 6 




E1MBBM— I 

07/28/2004, EAST Version: 1.4 



U.S. Patent Feb. 21, 1978 Sheet 3 of 6 4,075,632 




>-5 2 




07/28/2004, EAST Version: 1.4.1 



U.S. Patent Feb. 21, 1978 Sheet 4 of 6 4,075,632 




Modulation by pin diode 

Fig, 5 



mi— mm iffl^M 

07/28/2004, EAST Version: 1.4.1 



U.S. Patent Feb. 21, 1978 Sheet 5 of 6 4,075,632 




Fig. 6 




Fig. 7 



07/28/2004, EAST Version: 1.4.1 




07/28/2004, EAST Version: 1.4.1 



4,075,632 

1 2 

spaced from the transmitter for receiving and for ampli- 

INTERROGATION, AND DETECTION SYSTEM tude modulating the signal in accordance with selected 

information, and a reflecting antenna which returns the 

The invention described herein was made in the amplitude modulated signal to a receiver preferably 

course of, or under, a contract with the U.S. ATOMIC 5 integral with the generator and transmitter. The re- 

ENERGY COMMISSION. ceiver processes the modulated return signal to deter- 

This is a continuation of application Ser. No. 501,020, mine the selected information carried thereby. In a 

filed Aug.. 27, 1 974, now abandoned. preferred embodiment of the invention, the transponder 

ptfi n nPTHP tnvpmtiom is P 88 ^ and in an alternative embodiment is active. 

FIELD OF THE INVENTION w ^ ^ d?gM wfofmation can bc tmsidtted 

The invention relates to telemetering and in particu- using the system of the invention, 
lar to a system for amplitude modulating a first signal in The preferred embodiment of this telemetry system 
accordance with selected information and for reflecting includes means for avoiding the dependence of the 
the amplitude modulating signal to a receiver for pro- phase of the received signal, relative to that of the car- 
cessing the modulated signal to determine the informa- 15 rier, upon the physical distance between the interroga- 
tion carried thereby. : tor antennas and the transponder antenna. If no such 

BACKGROUND OF THE INVENTION ^w%^^t- *!? signalS ™ nW be * 

ture phase relationship every quarter wavelength m 

Although the. system of the invention has many appli- spacing between the antennas and there would be zero 

cations, including, but not limited to motor vehicle 20 output from the mixer at the modulating frequency. 

identification, railroad car identification, inventory con- One object of the invention is to provide an apparatus 

trol, security systems, locating and tracking vehicles, and method for animal monitoring. 

monitoring from inaccessible locations, downed aircraft Another object of the invention is to provide new 

location, battlefield .monitoring, and environmental telemetry capability. 

monitoring, the preferred embodiment was developed 25 One advantage of the instant invention is that the 

for biomedical monitoring and in particular for identify- preferred embodiment thereof utilizes a transponder 

ing the health of selected animals. It will be appreciated which eliminates the need for a separate energy source 

by those skilled in the art that many methods of identi- at the transponder. 

tying animals are practiced by those in the livestock Another advantage of the instant invention is that in 

industry. However, none of these prior art methods are 30 accordance therewith, multiple digit information can be 

universally effective or utilized because of various transmitted 

shortcomings in each of such systems. Exemplary of Another advantage of the instant invention is that 

those shortcomings are loss of the identification carried there is no interference between the transmitted and 

by the animal, poor visibility of the animal, and human received signal even though the transmission is continu- 

errors in reading or transcribing. 35 ous. 

There has been an existing need in the agricultural Still other objects and advantages of the present in- 

industry to identify particular animals and to determine, ventioh will be apparent to those skilled in the art from 

for example, the temperature of the animal as an indica- the following description, with reference to the ap- 

tion of its health. It would be preferable that an animal pended drawings, wherein like numbers denote like 

monitoring system be amenable to automation and com- 40 parts and wherein: 

patible with computer data processing methods so that FIO. 1 illustrates a block diagram of the preferred 

much information on many animals can be more easily embodiment of the invention; 

and errorlessly processed than has been possible with FIG. 2 shows a more detailed block diagram indicat- 

prior art systems. The system of the invention can be ing the components of the blocks of FIO. 1; 

used to facilitate detailed records on such things as 45 FIG. 3 shows a detailed schematic of a passive tran- 

pedigree, food intake, fertility, preventative medical sponder in accordance with the invention; 

care, resistance to a disease, response to treatment, FIG. 4 shows a loading rectifier modulator for the 

costs, sales, show performance and : livestock move- transponder in FIG. 3; 

ment For food animals the invention can provide infor- FIG. 5 shows a PIN diode modulator for the tran- 

mation from which one can compute conversion effi- 50 sponder of FIG. 3; 

ciency and relate management practices to carcass FIG. 6 illustrates a telemetry system utilizing only 

properties. The system of the invention has use in herd one mixer; 

improvement for processing and determining relevant FIG. 7 shows the interferometer effect with a single 

information from more factors than it is presently eco-t mixer; such as in the system of FIG. 6; and 

nomical to consider. • * 55 FIG. 8 shows apparatus utilized in accordance with 

In addition, the remote monitoring afforded by prac- the invention for removing the interferometer effect of 

ticing the invention eliminates excess animal handling the FIG. 6 apparatus, 

by humans and the attendant risk to personnel and ani- . . , 

mal. The system also eliminates the stress-induced tern- DETAILED DESCRIPTION OF A PREFERRED 

perature increase frequently associated with handling 60 EMBODIMENT OF THE INVENTION 

animals. Reference is now made to FIG. 1 which is a block 

SUMMARY OF THE INVENTION diagram of the preferred embodiment of the invention. 

SUMMARY OF THE INVENTION The system comprises an interrogator 12. a transmission 

In accordance with the invention, there is provided a medium 14 and a transponder 16. The signal generating 

telemetering apparatus and method comprising a radio 65 and transmitting portion of the interrogator comprises a 

frequency or other frequency signal generator, a trans- power source 18, a carrier wave generator 20 and a 

mitter for transmitting a time variant signal comprising sending transducer or antenna 22. In addition, the inter- 

at least a selected single frequency, a transponder rogator also comprises an amplifier and demodulator 24 
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operably connected to a signal receiving transducer or on a variable frequency amplitude modulation sent from 

antenna 26. the interrogator. There are many other possible combi- 

The transmission medium preferably comprises air, nations which will be readily recognizable to those 

but a medium such as water or a solid could be utilized familiar with the state of the art in communications, 

in combination with a signal appropriate for traveling 3 telemetry, and radio control; 

therethrough. FIG. 2 shows a more detailed block diagram of the 

The transponder 16 comprises a signal receiving and preferred embodiment of the invention. As seen therein, 

reflecting antenna 30 and a reflectivity modulator 32 for power source 18' carrier wave generator 20', and anten^ 

modulating the signal received by antenna 30 as well as nas 22' 26' and 30' correspond to their unprimed num- 

for reflecting the modulated signal from antenna 30. 10 bers in FIG. 1. The amplifier and demodulator of FIG. 

Reflectivity modulator 32 can be disposed, for example, 1 is broken down into its components in FIG. 2. The 

on the animal to be monitored. In the case of a steer amplifier and demodulator comprises an attenuated 

which it is desired to monitor for temperature changes, carrier conduit 40, which passes a portion of the wave 

it would be connected to an appropriate thermistor generated by generator 20' through a 90* phase shifter 

embedded in the animal. However, it will be appreci- 15 42 to a mixer 44. Part of the generated wave goes di- 

ated by those skilled in the art that what particular rectly to a mixer 46. From mixer 44, the phase shifted 

information passes through the system of the invention portion of the generated signal passes through a pream- 

is not part of the invention and the invention is not plifier SO and 90° phase shifter 52 at the modulation 

restricted to the use of the system disclosed herein in frequency into a signal combiner 54. The signal from 

animal monitoring. Clearly, the invention may be used 20 mixer 46 passes through a preamplifier 56 into signal 

by those skilled in the art in many other monitoring combiner 54. The combined signals pass from signal 

environments and applications. combiner 54 into an amplifier and bandpass filter 58 to 

As can be seen from FIG. 1 the power source 18 produce an output signal. The reflected signal received 

powers the carrier wave generator 20 to send a gener- by antenna 26' passes into a signal splitter 60 which 

ated signal from transducer or antenna 22. The signal 25 outputs into both mixer 44 and 46 where portions of the 

from antenna 22 passes through transmission medium 14 reflected signal are mixed with the portions of the gen- 

and is received by a reflector 30 at the transponder 16. erated signals. 

The reflectivity modulator 32 modulates such a signal in While 90* phase shift devices are shown, any other 

accordance with information desired and reflects the combination of phase shifting means which will result in 

amplitude modulated signal from reflector 30 back on to 30 a net 90* phase difference between the local oscillator 

the reflected signal receiving antenna 26. The signal inputs to the mixers or a 90* phase difference between 

impinging on antenna 26 is picked up by the amplifier the receiver inputs to the mixers, or a combination of 

and demodulator 24 which processes the signal and the two, will be suitable. 

determines the information carried thereby. The transponder comprises a transducer 70, a modu- 
As will be appreciated by those skilled in the art, 35 lation oscillator 72, a variable load 74 and a carrier 
power source 18 and carrier wave generator 20 are rectifier 76 as well as antenna 30*. 
readily available pieces of equipment. Too, radio fre- In operation, power source 18' generates energy to 
quency transmitting and receiving antennas such as power carrier wave generator Iff, Generator 20' pro- 
antennas 22, 26 and 30, are well known to those skilled duces a time variable signal, preferrably a single fre- 
in the art. Thus, no further discussion need be made of 40 quency radio frequency signal. The rf signal is transmit- 
these components. ted by carrier sending antenna 22' through the medium. 
While the telemetry system shown in the block dia- onto transponder antenna 30*. The received signal is 
gram of FIG. 1 is a preferred embodiment of this inven- rectified and modulated by oscillator 72 driven with 
tion, typical of what might be used at radio frequencies, transducer 70. The transponder can be a passive tran- 
there are many variations that will be obvious to those 45 sponder, powered by energy from the signal receivedd 
familiar with radio frequency communication and tel- by antenna 30'. It may also be active, powered by en- 
emetry techniques. ergy from its own separate source. In any case, traris- 
The carrier generated at the interrogator need not be ducer 70 causes modulation oscillator 72 to oscillate in 
continuous wave or constant in amplitude and/or frer accordance with the transduced parameter. The modu- 
quency. It may be appropriate in some applications to 50 lated oscillator signal passes through variable load 74 
generate the carrier intermittently, This might be done which amplitude modulates the signal. This modulated 
for various reasons such as to conserve power, to mini- signal is reflected by carrier rectifier 76 through an< 
mize interference with other users of the spectrum, or tenna 30'. Receiving antenna 26' receives the reflected 
for other reasons. Similarly, there may be situations modulated signal and passes it to signal ^ splitter 60. Bo th 
where it might be useful to modulate the carrier in a 55 the attenuated carrier signal from carrier wave genera- 
particular area of a plurality of various ways. For exam- tor 20' and the reflected modulated signal enter mixers 
pie, command signals or information could be sent to 44 arid 46. The mixers send their output through pream- 
the transponder unit from the interrogator by appropri- plifiers 50 and 56, and in the case of preamplifier 50, 
ately modulating the carrier sent from the interrogator. through a 90* phase shifter so that the signals entering 
Such modulation of the carrier could be done in such a 60 combiner 54 are 90* or 270' out of phase and never 180* 
way as to not interfer with the modulation superim- out of phase. The amplitude modulation in the reflected 
posed on the reflected carrier signal at the transponder. signal produced by the transponder shows up at the 
The information added to the carrier at the transponder output of the signal combiner 54. It will be appreciated 
could be made distinguishable and separable from that by those skilled in the art, that following or preceding 
sent to the transponder by, for example, using suffi- 65 the preamplifiers, any combination of phase-shifting 
ciently separated modulation frequencies or by using a devices which will result in a net quadrature phase 
different form of modulation, such as for example pulse relationship at the modulation frequency or band of 
modulation generated at the transponder superimposed frequencies between-the two mixer output channels will 
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be suitable. The output signal passes through an ampli- trol signal for each transponder can be impressed as 

fier and a bandpass filter 58, to amplify the signal to an modulation on the carrier sent from the interrogator to 

appropriate level and to eliminate noise. The resulting commad response from a particular transponder, 

output represents the information transmitted from the The modulating signal fed to the variable load may be 

transponder. 5 in the form of audio signals, pulses, digital signals, video 

The output signal may be further processed as is signals and other signals that will be familiar to anyone 

appropriate for the particular application. For example, conversant to the state of the art. The frequency of the 

if the modulating frequency itself is the information, the modulating oscillator may be determined by the state of 

output signal can be sent to a frequency counter to closure of a switch or an array of switches. In addition, 

measure the frequency. If the information consists of 10 a combination of modulations may be used, such as 

amplitude, pulse, digital, phase, frequency or other digital information superimposed on a modulation fre- 

modulation superimposed on the modulation frequency, quency determined by a physical parameter, 

appropriate means can be used to extract the informa- While the description of the system shown in FIG. 2 

tion of interest. specifically shows amplitude modulation of the carrier 

It will be appreciated since no carrier signal is gener- 15 signal reflected from the transponder unit, there are 
ated by the transponder there need be no large power other ways to vary the reflectance characteristics at the 
source at that location to provide sufficient power to transponder to produce a reflected carrier with super- 
generate a carrier which would carry the information imposed information which can be extracted at the 
from the information sending terminal to the informa- interrogator. For example, it is possible to vary the 
tion receiving terminal, nor a means for determining the 20 phase of the returned signal instead of its amplitude, or 
frequency of such a locally generated carrier. use a combination of the two methods. Phase modula- 

A major advantage of the system of the invention is tion could be produced, for example, by varying a reac- 
that the carrier frequency is available in pure unmodu- tance placed across the transponder antenna. Alterna- 
lated form in any location physically close to the infor- tively, phase differences in the return signal can be 
mation receiver. This provides for the use of coherent 25 generated by using two or more antennas appropriately 
detection at the receiver. For example, in an rf system, different in distance from the interrogator antenna and 
a portion of the carrier signal from the carrier generator amplitude modulating the reflectivity of each. If such 
can be used as a local oscillator input to the receiver phase modulation is used, then the means used at the 
mixer as shown in FIG. 2. Alternatively, the local oscil- interrogator receiver to make the receiver insensitive to 
lator signal could be created by translating the carrier 30 the phase of the returned signal would not be used, 
frequency in a small fixed or variable amount. The ad- FIG. 3 shows in block diagram form, the circuitry of 
vantage of coherent detection is that system bandwidth a passive (rf beam-powered) transponder to convey 
can be reduced to that necessary for passing the infor- both temperature and digital information. The tempera- 
mation signal only, with a minimization of noise. ture is sensed in analog form by a thermistor 92 con- 
Naturally, reduced bandwidth enables better noise 35 nected to a temperature sensitive oscillator 94, which is 
rejection. The use of coherent detection also eliminates made suitably temperature sensitive in its oscillation 
the necessity for close control over carrier frequency, frequency by having the thermistor connected into one 
providing for the use of simpler and lower cost carrier of the frequency determining resistances. Alternatively 
generation devices than would otherwise be required. two or more thermistors could be used. 

It is possible to get response from one transponder to 40 An rf signal received by a half-wave dipole antenna 

two interrogators or more, simultaneously and without 81 is passed to a voltage doubler rectifier 80. A voltage 

interference. All that is required is sufficient difference doubler type of rectifier is used to give twice the dc 

in the carrier frequencies to put the frequency differ- output voltage as would be available from a simple 

ence outside the modulation signal passband. half-wave rectifier. Any other type of rectifier can be 

While only a single transponder antenna is shown in 45 used, but a voltage doubler is the preferable one. 
FIG. 2, two or more antennas may be suitably intercon- In this circuit, the dc voltage from the rectifier 80 is 
nected into an array so as to receive and reflect a larger used to power the transponder circuitry. Of course, the 
amount of carrier power. Such an array can also be used transponder circuitry could be powered from a differ- 
to produce directivity for the transponder antenna. ent power source such as in the aforementioned active 
Alternatively, any of the known methods for making a 50 transponder embodiment. When the rectified rf is used 
directive antenna can be used at the transponder to to power the circuitry, a voltage regulator 82 is inter- 
augment the directivity and power gain of the transpon- posed between the rectifier output and the circuitry to 
der antenna. be powered. This ensures that a suitably regulated volt- 

Although FIG. 2 shows only a single transponder, age is available for the circuitry. An energy storage 

two or more transponders may be used simultaneously. 55 capacitor 91 is used following the voltage regulator. 

Information from a plurality of transponders can be The purpose of this is to store operating energy for the 

received in one or more of a number of different ways. circuitry to provide operation during the low rectifier 

For example, the carrier from the interrogator can be output voltage periods that will be generated in the 

beamed selectively to one or more of the transponders. amplitude modulation process. 

In addition, different modulation frequencies can be 60 Transistor 90 is used as a swich, driven by the output 

used at the different transponders and the information of the temperature sensitive oscillator 94, and alter- 

separated at the receiver with appropriate bandpass nately, in effect, placing resistor 86 across the output 

filters. One can also arrange to have the transponders terminals of the rectifier. Resistor 86 is selected to be of 

send information at different prearranged times. One such resistance that it will partially modulate the reflec- 

could also superimpose a unique, prearranged identifi- 65 tance of the antenna and, with only transistor 90 and 

cation code on the transponder return signal so that the resistor 86 in operation, the antenna reflectance will be 

transponder originating a signal could be recognized. modulated in accordance with the frequency of the 

Alternatively, a unique interrogation command or con- temperature sensitive oscillator 94. Because the modula- 
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tion frequency is dependent upon the temperature 
sensed by the thermistor 92, the reflected rf is therefore 
amplitude modulated at a frequency dependent upon 
the temperature. 

In the use of the transponder to send a fixed digital 5 
code for identification means, the depth of modulation 
produced by the temperature sensitive oscillator is var- 
ied in accordance with a lower frequency digital signal 
which comprises a suitable unique code corresponding 
to the identity of a particular transponder. In the pre- 10 
ferred embodiment, the rate of this identification signal 
is made an integral fraction of the rate of the oscillator, 
but this need not be so. 

In the circuit shown, the depth of modulation is var- 
ied in accordance with the digital code by means of 15 
transistors 88 and 90. Transistor 90 is driven by the 
oscillator. Transistor 88 is driven by the cyclic code 
generator, which produces the identification code. In 
the preferred circuit the code is generated repeatedly as 
long as the circuit is powered, but this is not necessary. 20 
Transistors 88 and 90 comprise a logical AND circuit 
and this is one means for performing that logical func- 
tion. When both transistors 88 and 90 are turned on, a 
resistor 84 is effectively disposed across the output ter- 
minals of rectifier 80. 25 

It will be apparent that when both resistors 84 and 86 
are placed across the rectifier terminals, rectifier 80 is 
more heavily loaded than when only resistor 86 is 
placed across the rectifier. Therefore, more energy is 
extracted from the rectifier. 30 

Modulation of the return signal by loading the tran- 
sponder antenna is shown in FIGS. 4 and 5. FIG. 4 
shows modulation by a loading rectifier whereas FIG. 5 
illustrates modulation by PIN diode. The rf current 
flowing in the antenna is a function of the dc load on the 35 
rectifier output. The heavier the dc load, the greater the 
rf current flowing from the antenna into the rectifier 
input The rf reflected or scattered from the antenna is 
proportional to the rf current flowing in the antenna. 
Since this rf current is a function of the dc load on the 40 
rectifier, the reflected rf from the antenna is also a func- 
tion of the dc load on the rectifier. 

In accordance with the invention, rf reflected from 
the transponder antenna can be modulated by any 
means that alters the rf current flowing in the antenna. 45 
Any means that can be used to alter the resistance, or 
reactance across the antenna terminals in accordance 
with a desired modulation pattern can be used. FIG. 4 
shows a voltage doubler rectifier, but any other rectifier 
arrangement could be used. 50 

The rf current flowing into the rectifier from the 
antenna is a function of the dc current extracted from 
the rectifier. The higher the dc load on the output, the 
higher the rf current flowing from the antenna. One 
means of varying the load current from the rectifier 55 
output is to vary the value of a resistance placed across 
the rectifier output. In FIG. 4, resistor 102 is switched 
in and out of the circuit by a transistor 100. 

A rectifier comprising diodes 106 and 108 and capaci- 
tors 104 and 110 is a preferred means of modulation for 60 
a passive transponder since the dc output from the recti- 
fier can be used to supply power to the transponder 
circuitry. 

As shown in FIG. 5, another means for varying the rf 
current in the antenna and thereby modulating the rf 65 
signal reflected from it, is to use a PIN 114 diode as a 
variable rf resistance. The rf resistance of PIN diode 114 
is controlled by varying a low frequency or dc current 
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116 passing through the diode. A suitable pair of induc- 
tors 116 and 118 or other suitable means that present a 
high impedance to rf and a low impedance to the modu- 
lation current can be used to isolate the modulation 
circuitry from the antenna. 

FIG. 6 shows a system utilizing a single antenna for 
both transmitting an rf carrier from the rf generator and 
receiving the reflected signal and passing it to the re- 
ceiver mixer while blocking the much larger transmit- 
ted carrier signal. 

A 3-port circulator is used. This is a device com- 
monly used in microwave rf systems for similar isola- 
tion applications. The three ports are labeled A, R, and 
T to indicate respectively antenna, receiver, and trans- 
mitter. The circulator device has the property that rf 
eneregy is passed with little attenuation from one port 
to the next in the clockwise direction as shown in FIG. 
6. For example, the transmitter signal is passed with 
little loss from port T to port A and from there to the 
antenna. Similarly, the signal received at the antenna is 
passed easily from port A to port R and from there to 
the receiver mixers. Signal transmission in the other 
direction, which is not desired, is almost completely 
blocked by the action of the circulator. Reverse signal 
transmission is typically a factor of 20 to 30 dB lower 
than forward signal transmission. This is called the 
directivity of the circulator. 

In the circuit of FIG. 6, the circulator is used to allow 
operation from a single antenna. The rf carrier from the 
rf source is preferentially passed to the antenna and is 
blocked from passing to the receiver input, where it is 
not wanted. Similarly, the reflected rf signal picked up 
at the antenna is preferentially passed to the receiver 
input and is blocked from passing back to the rf source, 
where it would be wasted. 

Since the circulator only has a finite amount of direc- 
tivity, however, it is usually the case that the small 
amount of reverse transmission in the circulator from 
port T to port R would result in more rf carrier being 
sent to the receiver input than is desired. One conse- 
quence of this could be to destroy the receiver mixers 
and another could be to cause the mixers to malfunc- 
tion. A means to overcome this difficulty is to arrange 
to feed into port A of the circulator some rf signal of the 
proper amplitude and phase to pass through the circula- 
tor from port A to port R to just cancel the reverse 
transmitted "leakage" from port T. One way of imple- 
menting this is to interpose a suitable rf tuning device 
between port A and the antenna. A double stub tuner is 
such a suitable device. The tuner has the additional 
function of matching the antenna impedance for maxi- 
mum efficiency in both transmitting and receiving the rf 
signals. 

FIG. 6 shows the path of the rf signals in simplified 
form. The rf carrier is sent from an antenna 150 from an 
rf source 152. The carrier passes through a transmission 
medium to an antenna 140 on a transponder 130, from 
which a modulated signal is reflected back to a receiv- 
ing antenna 154. A separate receiving antenna is shown 
for simplicity in description, though in practice suitable 
means are available for using a single antenna. The 
received signal is passed to a mixer 156, where it is 
mixed with an attenuated unmodulated signal from the 
rf source fed into the LO or "local oscillator" port. 

The output from the mixer 156, usually designated 
the IF or "intermediate frequency" output in ordinary 
receiver practice, is a replica of the signal used to modu- 
late the rf signal at the transponder and therefore con- 
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tains the information put on the rf signal at the transpon- 
der. However, the amplitude and phase of this modula- 
tion signal are affected by the relative rf phase of the rf 
and LO inputs to the mixer. The relative phase of these 
signals is determined by the distance that the rf signal 
traverses in going from the transmitting antenna to the 
transponder and back to the receiving antenna, includ- 
ing also the distances in the connection from the anten- 
nas to the mixer. As this distance varies, the relative 
phase of the rf inputs to the mixer vary. One particular 
disadvantage of this is that if the rf and LO inputs hap- 
pen to be quadrature phase, the mixer output will be 
zero, Le., the output will pass through a "null." This is 
particularly disadvantageous when the transponder is in 
motion relative to the transmitter/receiver antenna unit 
and vice versa since the receiver signal may drop out, 
causing some information to become lost. 

This undesired effect has been called the "interferom- 
eter" effect since the principle causing it is similar to 
that of an interferometer. 

FIG. 7 shows how the amplitude and phase of the 
mixer output are a function of the distance between the 
transponder and the transmitter/receiving antenna unit. 
It will be seen that the relationship is sinusoidal with 
distance, being cyclic with a half wavelength at the rf 25 
carrier frequency used and dropping to zero in ampli- 
tude every quarter wavelength. 

FIG. 8 shows a system for removing the interferome- 
ter effect of FIGS. 6 and 7 and for making signal recep- 
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some combined output signal at the modulation fre- 
quency. A more careful analysis will show that the 
amplitude is actually constant. 
'' The various features and advantages of the invention 
are thought to be clear from the foregoing description. 
However, various other, features and advantages not 
specifically enumerated will undoubtedly occur to 
those versed in the art, as likewise will many variations 
and modifications of the preferred embodiment illus- 
trated, all of which may be achieved without departing 
from the spirit and scope of the invention as defined by 
the following claims. 
We claim: 

1. In telemetry apparatus, a passive transponder com- 
prising: 

an antenna; 

rectifier means having a first pair of terminals con- 
nected to said antenna and having a second pair of 
terminals providing direct current; 

variable loading means connected to said second pair 
of terminals; and 

information encoding means in circuit with said vari- 
able loading means to enable encoded information 
to vary the direct current drawn from said rectifier 
by said variable loading means, thereby varying the 
impedance of said rectifier means at said first pair 
of terminals, and varying the reflectivity of said 
antenna. 

2. In the transponder set forth in claim 1, said variable 



tion from the transponder independent of the distance 30 loading means including a resistor in circuit with semi 



between antennas 160 and 166. 

A single rf source 162 is utilized. Two rf mixers 168 
and 170 are used instead of only the single one common 
in most receiver systems. A phase shifting 164 ensures 
that there is a relative 90° difference in the phases be- 35 
tween the rf and LO inputs to the two mixers. Alterna- 
tively, this phase shift could be introduced in the rf 
input of one of the mixers, or split up in one of a number 
of different ways to get the net 90° difference. Thus, if 
the phase relationships are such that one of the mixer 40 
outputs is at a null point, the other output is at a maxi- 
mum, and vice versa. It will be appreciated that it is 
impossible for both mixer outputs to be at a null at the 
same time. Therefore there will always be a mixer out- 
put from which the modulation signal can be obtained. 45 

While mixer output signals cannot be zero or null at 
the same time, their amplitude will vary with the rf 
phase or antenna spacing and their outputs may be in 
phase or out of phase at the modulation frequency. This 
makes it difficult to utilize the mixer outputs directly to 50 
recover the modulation signal. 

FIG. 9 illustrates a system avoiding this difficulty. A 
relative 90* phase shift at the modulation frequency is 
produced between the two mixer outputs by phase 
shifter 172. The phase shifted signals are linearly com- 
bined by summing amplifier 174 to produce a single 
output at the modulation frequency. Of course, any 
method that produces a net 90° phase shift between the 
mixer output signals should function as well as phase 
shifter 172. 

The effect of combining the mixer output signals is to 
make the combined signal amplitude independent of the 
rf signal phase and therefore of the antenna spacing. 
Qualitatively, it is easy to see that if the mixer output 
signals at the modulation frequency are phase shifted to 65 
be in quadrature phase with respect to each other, they 
cannot cancel each other out to zero in the linear com- 
bining operation, and therefore there will always be 
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conductor switching means responsive to said informa- 
tion encoding means and connected to said rectifier 
means. 

3. In the transponder set forth in claim 2, said infor- 
mation encoding means including a condition sensitive 
variable frequency oscillator. 

4. In the transponder set forth in claim 3, a voltage 
regulator connected in circuit between said variable 
loading means and said variable frequency oscillator. 

5. In the transponder set forth in claim 1, said rectifier 
means including current storage capacitor means. 

6. In the transponder set forth in claim 5, said rectifier 
means and said current storage capacitor means forming 
a voltage doubler rectifier circuit. 

7. In the transponder set forth in claim 6, said rectifier 
means including: 

a first diode connected between one of said first pair 
of terminals and the adjacent one of said second 
pair of terminals; 

a second diode connected to said first diode at one of 
said first pair of terminals and the opposite one of 
said second pair of tenninals; 

a first current storage capacitor connected between 
the other said first pair of terminals and the adja- 
cent one of said second pair of terminals; and 

a second current storage capacitor connected to said 
first diode at said first pair of terminals and to said 
first current storage capacitor at said first pair of 
tenninals. 

8. In the transponder set forth in claim 3, said infor- 
mation encoding means further including cyclic code 
generator means connected to said variable frequency 
oscillator. 

9. In the transponder set forth in claim 8, second 
variable loading means connected to said cyclic code 
generator. 

10. A passive transponder adapted to be implanted 
beneath the skin of a living animal, comprising: 
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an antenna; 

a voltage doubling rectifier having first and second 
terminals connected to said antenna, and having 
. third and fourth terminals; 

an audio frequency oscillator; 

a temperature sensitive resistor connected to said 
audio oscillator to vary the frequency of said audio 



in 



12 

response to 



ambient temperature 



oscillator 
changes; 

variable rectifier loading means including a resistor 
connected to said third terminal, a transistor hav- 
ing a collector connected to said resistor, an emit* 
ter connected to said fourth terminal, and a base 
electrode connected to said audio frequency oscil- 
lator. 
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[57] ABSTRACT 

A radio communication system includes an Interrogator for 
generating and transmitting a first modulated signal by 
modulating a first information signal onto a radio carrier 
signal, the first information signal indicating in which of 
multiple response modes a receiving Tag should respond. 
One or more Tags of the system receive the first modulated 
signal and decode it to obtain the first information signal. A 
Backs catter Modulator modulates the reflection of the first 
modulated signal using a second information signal whose 
content, data rate, or modulation is determined by said first 
information signal, thereby forming a second modulated 
signal. The Interrogator receives and demodulates the sec- 
ond modulated signal to obtain the indicated second infor- 
mation signaL 
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DUAL MODE MODULATED BACKSCATTER and transmitting a first modulated signal by modulating a 

SYSTEM first information signal onto a radio carrier signal, the first 

ppt ATtm appt tp att/ymc information signal indicating in which of multiple response 

kclai uu ArrLAUKi lUJNfc modes a receiving Tag should respond. One or more Tags of 

Related subject matter is disclosed in the following appli- 5 me system receive the first modulated signal and decode it 

cation filed concurrently herewith and assigned to the same t0 obtain the first information signal. A Backscatter Modu- 

Assignee hereof: U.S. patent application Ser. No. 08/492, latc * modulates the reflection of the first modulated signal 

174, entitled •'Full Duplex Modulated Backscatter System," usm g a second information signal whose content, data rate, 

inventors John A. MacLellan, R. Anthony Shober, Giovanni or modulation is determined by the first information signal, 

Vannucci, and Gregory A. Wright w thereby forming a reflected second modulated signal. The 

Interrogator receives and demodulates the second modulated 

FIELD OF THE INVENTION signal to obtain the indicated second information signal. 

This invention relates to wireless communication systems 

and, more particularly, to a wireless connnunication system BRIEF DESCRIPTION OF THE DRAWING 

using modulated backscatter technology. 15 in the drawing, 

BACKGROUND OF THE INVENTION PKj. 1 shows a block diagram of an illustrative Radio 

_ „ _ . Frequency Identification (RFID) system; 

Radio Frequency Identification (RFID) systems arc used -™ * U1 , V. ' ,„ . , 

for identification and/or tracking of equipment, inventory, or P"^/ J?"?™ of ™ 2?™ lve 

living things. RFID systcrnTarc radio communication sys- 20 gator Umt ^ in the RFID system of FIG. 1; 

terns that communicate between a radio transceiver, called 3 sn °ws a block diagram of a Tag Unit used in the 

an Interrogator, and a number of inexpensive devices called RFID system of FIG. 1; 

Tags. In RFID systems, the Interrogator communicates to FIG. 4 shows a block diagram of an alternate embodiment 

the Tags using modulated radio signals, and the Tags of a Tag Unit used in the RFID system of FIG. 1; 

respond with modulated radio signals. Most commonly, this 25 FIG. 5 shows the Downlink message format- 

com^nunication utilizes Time-Division Duplex CTDD) or nG . 6 sh ows interrogator receiver circuits for demodu- 

HalfDuplex techniques. After transmitting the message to lating differential encoded modulated subcarrier signals; and 

the Tag (called the Downlink), the Interrogator then trans- * . . _ . t . . / , * 

mits a Continuous-Wave (CW) radio signal to the Tag. The . J 10 ' 7 s * ows ««vcr circuits for demodu- 

Tag then modulates the CW signal using modulated back- 30 l ^ Pseudorandom codes encoded in the modulated sub- 
scattering where the antenna is electrically switched, by the 

modulating signal, from being an absorber of RF radiation DETAILED DESCRIPTION 

to being a reflector of RF radiation. This modulated back- DL1A1LED DESCRIPTION 

scatter allows communications from the Tag back to the There are RFID system applications which have very 

Interrogator (called the Uplink). 35 different data rate requirements for the Downlink 

Prior art Modulated Backscatter (MBS) technology is (Interrogator to tag) and the Uplink (Tag to Interrogator) 

described in U.S. Pat Nos. 4,075,632, issued Feb. 21, 1978 directions. One such class of applications involves using 

to H. A. Baldwin et al. and entitled "Interrogation, And RFID technology to read information from a Tag affixed to 

Detection System," and 4360,810, issued Nov. 23, 1982 to a container or pallet. In this application, the container is 

J. A. Landt and entitled "Multichannel Homodyne moved (e.g., by being pulled by a small truck) across the 

Receiver'*. MBS systems typically utilize the amplitude reading field of an Interrogator. The reading field is defined 

modulated techniques described above for communications as that volume of space within which a successful transac- 

firom the Interrogator to the Tag, and utilize MBS for tion can take place. While the Tag is in the reading field, the 

communications from the Tag to the Interrogator. Interrogator to Tag transaction must be completed. Since the 

RFID applications exist which have different data rate and 4 Ta S is moving through the reading field, the RFID system 

range requirements. To accomplish greatrange, the datarate, has onl y a United amount of time to successfully complete 

especially in the Uplink, must be reduced. This is accom- thc transaction. 

plished by backscatter modulating an unmodulated subcar- In such an application, the Tag could be moving as fast as 

rier onto a received CW signal for a duration of a few tenths ^ 10 meters/second through the reading field Thc reading field 

of a second. The Interrogator then listens for an unmodu- would consist of a roughly conical volume, extending 5 

lated tone on the reflected CW signal after the CW signal has meters away from the Interrogator, and the cone having an 

undergone homodyne detection. angle of roughly 60 degrees total spread (30 degrees to either 

In order to implement higher bit rates, the Tag would s * dc °f a direct path from the Interrogator to a point 

generate an information signal, modulate that information 55 immediately in front of the Interrogator). Given this 

signal upon a subcarrier, and use that modulated subcarrier situation, the RFID communications with each tag must be 

to backscatter modulate the CW radio signal. In the completed in less than 0.5 seconds. 

Interrogator, after detection, the information signal is then Therefore, effective RFID systems must be able to a) have 

demodulated from the subcarrier signal the Tag detect the presence of the Interrogator in a very short 

Undesirably, such prior art RFID systems are generally $0 period of time, and b) have the lag to Interrogator data rate 

"single mode", in the sense that the Tag is capable of De sufficiently large such that the communications can be 

operating at either long range mode or higher bit rate mode completed within the time period available. Furthermore, the 

rather than being capable of operating in both modes. system must work even if several lags are in the reading 

m „- A ^ „ . field at the same time. Given these constraints, an Uplink 

SUMMARY OF THE INVENTION 65 data rate of 50 Kbps, or perhaps greater, may be desirable. 

In accordance with the present invention, a radio com- Other application of this RFID system calls for thc Tag to 

muni cation system includes an Interrogator for generating be interrogated at distances significantly greater than 5 
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meters, witb the same downlink signal used by short-range backscatter (i.e., reflected signal). This is accomplished by 

Interrogators. To support this greater range, the Downlink switching on and off the Scbottky diode using the Modulated 

data rate must be limited to keep the signal-to-noise ratio Subcarrier Signal 311, thereby changing the reflectance of 

acceptable. An example of these alternative applications was Antenna 301. A Battery 310 or other power supply provides 

discussed in pending U.S. patent application Ser. No. 5 power to the circuitry of Tag 105. 

08/206,075, entitled Modulated Backscatter Wireless Com- There are a variety of techniques for using Modulated 

munication System Having An Extended Range," now aban- Backscatter (MBS) to send information from the Tag to the 

doned in which Tags were used as Electronic Shelf Labels Interrogator. In some MBS technologies, the Modulator 

to display correct prices on a supermarket shelf. In this Circuit 307 of the Tag generates an amplitude modulated 

application, Downlink data rates of about 1 Kbps are used. 10 signal modulated by an Information Signal 306 at frequency 

Therefore, an object of the present invention is an RFTD f 2 . If the Radio Signal Source 201 generates an unmodulated 

system that achieves synchronization rapidly, even with a frequency f 19 then the Interrogator receives signals inside of 

relatively low-speed Downlink and having a relatively high- the range (f x -f^) to Cf j+f 3), and filters out signals outside 

speed Uplink to send the necessary Tag data rapidly even in of that range. This approach could be termed the "MBS at 

the presence of multiple Tags in the reading field. l5 baseband" approach. Another approach would be for the Tag 

With reference to FIG. 1, there is shown an overall block to generate two subcarrier frequencies, generated by Fre- 

diagram of an illustrative RFID system useful for describing quency Sources 401 and 402, as shown in FIG. 4. The 

the application of the present invention. An Applications information could be conveyed in a frequency-shift keyed 

Processor 101 communicates over Local Area Network (FSK) fashion with the subcarrier frequency transitioning 

(LAN) 102 to a plurality of Interrogators 103-104. Tne 20 between these two frequencies. Other modulation schemes 

Interrogators may then each communicate with one or more are possible as well, such as phase shift keying (PSK) of a 

of the Tags 105-107. For example, the Interrogator 103 single subcarrier frequency (e.g., BPSK, QPSK) or other 

receives an information signal, typically from an Applka- complex modulation schemes (e.g., MFSK, MASK, etc.). 

tions Processor 101. The Interrogator 103 takes this infor- Returning to FIG. 2, the Interrogator 103 receives the 

mation signal and Processor 200 properly formats a Down- 25 reflected and modulated signal with the Receive Antenna 

link message (Information Signal 200a) to be sent to the Tag. 206, amplifies the signal with a Low Noise Amplifier 207, 

With joint reference to FIGS. 1 and 2, Radio Signal Source and demodulates the signal using homodyne detection in a 

201 synthesizes a radio signal, the Modulator 202 modulates Quadrature Mixer 208. (In some Interrogator designs, a 

this Information Signal 200a onto the radio signal, and the single Transmit (204) and Receive (206) Antenna is used. In 

Transmitter 203 sends this modulated signal via Antenna 30 this event, an electronic method of canceling the transmitted 

204, illustratively using amplitude modulation, to a Tag. The signal from that received by the receiver chain is needed; 

reason amplitude modulation is a common choice is that the this could be accomplished by a device such as a Circulator.) 

Tag can demodulate such a signal with a single, inexpensive Using the same Radio Signal Source 201 as used in the 

nonlinear device (such as a diode). transmit chain means the demodulation to IF is done using 

In the Tag 105 (see FIG. 3), the Antenna 301 (frequently 35 Homodyne detection; this has advantages in that it greatly 

a loop or patch antenna) receives the modulated signal. This reduces phase noise in the receiver circuits. The Mixer 208 

signal is demodulated, directly to baseband, using the then sends the Demodulated Signal 209 (if a Quadrature 

Detector/Modulator 302, which, illustratively, could be a Mixer, it would send both I (in phase) and Q (quadrature) 

single Schottky diode. The diode should be appropriately signals) into the Filter/Amplifier 210. The resulting filtered 

biased with the proper current level in order to match the 40 signal— then typically an Information Signal 211 carried on 

impedance of the diode and the Antenna 301 such that losses an IF subcarrier— is then demodulated from the subcarrier in 

of the radio signal are imnimized. The result of the diode the Subcarrier Demodulator 212, which then sends the 

detector is essentially a demodulation of the incoming signal Information Signal 213 to a Processor 200 to determine the 

directly to baseband. The Information Signal 200a is then content of the message. The I and Q channels of Signal 209 

amplified, by Amplifier 303, and synchronization recovered 45 can be combined in the Filter/Amplifier 210, or in the 

in Clock Recovery Circuit 304. The Clock Recovery Circuit Subcarrier Demodulator 212, or they could be combined in 

304 can be enhanced by having the Interrogator send the the Processor 200. Common practice would utilize error 
amplitude modulated signal using Manchester encoding. detection in both messages sent over the link from the 
The resulting information is sent to a Processor 305. Hie Interrogator 103 to the Tag 105, and also over the link from 
Processor 305 is typically an inexpensive 4 or 8 bit micro- so the Tag 105 to the Interrogator 103. 

processor, the Clock Recovery Circuits 304 can be imple- Using the above techniques as an example, an 

mented in an ASIC (Application Specific Integrated Circuit) inexpensive, short-range, bi-directional digital radio com- 

which works together with Processor 305. This Processor munications channel is implemented. These techniques are 

305 can also serve as the driver for an optional Display Unit inexpensive as the components consist of (for example) a 
309 should this Tag require a display. The Processor 305 55 Schottky diode, an amplifier to boost the signal strength, bit 
generates an Information Signal 306 to be sent from the lag and frame synchronization circuits, an inexpensive 4 or 8 bit 
105 back to the Interrogator (e.g., 103). This Information microprocessor, subcarrier generation circuits, and a battery. 
Signal 306 is sent to a Modulator Control Circuit 307, which Most of these items are already manufactured in quantities 
uses the Information Signal 306 to modulate a subcarrier of millions for other applications, and thus are not overly 
frequency generated by the subcarrier Frequency Source 60 expensive. The circuits mentioned above for bit and frame 
308. The Frequency Source 308 could be a crystal oscillator synchronization and for sub carrier generation can be imple- 
separate from the Processor 305, or it could be a frequency mented in custom logic surrounding the microprocessor 
source derived from signals present inside the Processor core; thus, except for a relatively small amount of chip real 
305 — such as a multiple of the fundamental clock frequency estate, these functions come almost "for free.** Such circuitry 
of the Processor. The Modulated Subcanier Signal 311 is 65 is, illustratively, described in the previously filed applica- 
usedby Detectormodulator 302 to modukte me modulated tions of Ser. No. 08/206/075, now abandoned and U.S. 
signal received from Tag 105 to produce a modulated patent application Ser. No. 08/409,782, now U.S. Pat No. 
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5,598,169 entitled "Detector and Modulator Circuits for Thus, the Processor 305 of the Tag 105 determines, in 

Passive Microwave Links. response to information in the Downlink message, what type 

In accordance with the present invention, a Tag unit of an of Uplink signal to transmit: a data message or a "single 

RFED system has the capability to operate in a "dual mode" tone" acknowledgment message. There are several ways that 

fashion. The Tag, based upon a command from the s the lag 105 may transmit either a data message (or infer- 

Interrogator, responds to the Interrogator with either a mation signal) or a single-bit acknowledgment message so 

"single tone** acknowledgment (to achieve great range) or that the Interrogator 103 can, relatively easily, receive and 

with an information signal (for greater data rates at lesser distinguish between these two different types of messages, 

range). The RFID system of the present invention may Referring to FIG. 3, in the event that the Tag 105 is to send 

communicate using the well-known Time-Division Duplex 10 a n^ti-bit information signal, Processor 305 sends the 

(TDD), Half Duplex or Full Duplex techniques disclosed in Information signal to the Modulator Control 307, which 

the previously identified related application concurrently modulates the signal from Subcarrier Frequency Source 308. 

filed herewith. The selection of the actual subcarrier frequency of the 

The basic features of this invention arc that a) the Tag FrC ? U ^ ^l** h done mih some care, 

must be capable of receiving a Dowiilink message; b) the * * r ^ nc f 

Tag must he >told what type of Uplink message it is to ^ S 

transmit whether it be an actual data message (higher bit 0 ^ cflcctors . Walls and metal objectsTflS^ZE 
rate mode) or a "single tone" acknowledgment message mese reflected ^ are received by the Interrogator 103 
(long range mode), based upon information received in the atthe same carrier frequency as they were transmitted The 
Downlink message; c) the Tag transmits the requested type 20 Quadrature Mixer 208 is operated as a Homodyue Detector 
of Uplink message; and d) the Interrogator interprets the and thus is used to cancel these reflections. However, other 
Uplink message received in a proper manner. Several dif- reflectors generate reflected noise at frequencies away from 
ferent types of acknowledgment messages in the long range the main carrier frequency— either from Doppler shifts or, 
mode can exist Generally, an acknowledgment message has more likely, from reflections off of electronic equipment 
a data rate which is much less than the data rate of an actual 25 operating at frequencies near the Subcarrier Frequency. One 
data message (the higher bit rate mode), thus allowing particularly difficult source of noise are fluorescent lights, 
filtering over a much smaller frequency band, and thus which have been shown to produce noise not only at their 
allowing greater range than the higher bit rate mode since fundamental 60 Hz (in the United States) frequency, but also 
the noise bandwidth of the received signal is lessened due to at overtone frequencies well up into the tens of thousands of 
the narrowband filtering. Thus, an acknowledgment mes- 30 Hertz. The use of subcarrier frequencies mat are above 
sage could consist of a low bit rate data message, or it could 50-100 KHz are especially useful in avoiding this noise, 
consist of a single bit of information. To send a single bit of In Tag 105, Processor 305 sends the Information Signal 
information, the Tag could generate an unmodulated sub- over the Information Signal Lead 306 shown in FIG. 3. In 
carrier frequency which could be modulated onto the inci- the event that Processor 305 of Tag 105 is to send a "single 
dent signal, using modulated backscatter. The Interrogator 35 tone" message consisting of a single information bit, the 
would then receive a reflected signal with a single frequency Information Signal Lead 306 is maintained at a first logic 
tone. Narrowband filtering techniques could then be used to state to indicate that no information message is to be sent 
reduce the noise bandwidth and determine the presence or Thus, an unmodulated subcarrier frequency signal is out- 
absence of this signal. putted by Modulator Control 307. In the event that Processor 
The Tag 105 detects ami assembles me bits of information 40 305 determines that a multi-bit message is to be sent, the 
sent from the Interrogator 103 into a complete Downlink Information Signal Lead 306 conveys the multi-bit message 
message. Typically, a pattern of synchronization bits is to Modulator Control 307. This multi-bit message 
transmitted at the beginning of the Downlink message; these (information signal) is then used to modulate the subcarrier 
bits allow the Tag to acquire bit and message synchroniza- frequency using one of several possible modulation 
tion; enabling the Tag to determine the beginning and the 45 techniques, such as amplitude, phase, frequency, or code 
end of the Downlink message. Well known synchronization modulation. 

techniques may be utilized, including the methods described According to another embodiment (see Lead 312 of FIG. 

in the previously identified copending application. Once the 3), Processor 305 may itself generate a subcarrier frequency 

Downlink message is assembled, it may be of the form modulated with the multibit information signal In this case, 

shown in FIG. 5. The RFID Tag Address 501 is the address 50 for Processor 305 to send out a pure subcarrier frequency, 

of the Tag 105 to which the Interrogator 103 wishes to the Processor will clock out, from an VO port, the bit pattern 

communicate. To keep the number of bits in the RFID Tag "01010 101", with the zeroes and ones being clocked out at 

Address 501 as small as possible, this address might be a a rate of 2r & clocks per second. This pattern generates a pure 

hashed index into a longer table of tag addresses. Then, the subcarrier signal at a frequency of i b cycles per second. In 

Interrogator 103 would have a certain jn-obability of address- 55 order to clock out an Information message, the Processor 

ing the correct tag. The Command data 502 includes bits 305 clocks out a variant of the above bit pattern. For 

which direct the Tag to perform the correct function. For example, assume that Processor 305 is to clock out a Binary 

example, if data were to be stored on the Tag 105, the data Phase Shift Keying (BPSK) modulated signal. Let r, be the 

could be sent in the Data Message field 503. The accuracy information data rate, and let t b be the frequency of the 

of the data could be insured by an Error Detect field 504. The 60 subcarrier signal, as shown above. Assuming, for simplicity, 

Command data 502 or Data Message 503 portion of the that i b is an integer multiple of r f , then rj/r, is the number 

Downlink message could indicate that the Tag 105 should of "01" cycles mat would be sent during one information bit 

return a Message to the Interrogator, for example, the Tag period. To send BPSK, frocessor 305 sends r^Zr,. repetitions 

could return stored data, such as the Tag ID, or other of ^l^foUowedbyrJr^repeU^onsof *10".Thisrera«sents 

application-specific data. Another type of Downlink mes- 65 a binary phase change. 

sage could indicate that the Tag should send back only a To clock out a Quadrature Phase Shift Keying (QPSK) 

single-bit acknowledgment message. signal, Processor 305 sends out tjhi repetitions of one of 
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the four QPSK symbols, such as "0110 0110 . . . 0110", and rier signal When a modulated carrier 211 is fed into the 

then clocks out the same number of repetitions of the next differential demodulator 601, the demodulator 601 output is 

symbol to be transmitted a baseband data stream 602. When the baseband data stream 

„. „ ^_ ... . . , . has 0 to 1 and 1 to 0 transitions frequently enough, the 

Finally, Processor 305 could also clock out pseutoandom ^ggerablt monostable muMvflW603 is coiitinually 

sequences. For example, define ^two sequences of 2^ bite re-tri^ered, and its output 604 does not change. If, however, 

and refer to these as sequences Si and S 2 . Then, the Tag 105 ±c dcmodulator 601 output has a string of 0's or 1' s that last 

transmits S x as a "0" information bit and S 2 as a "1" longer than the monostable's 603 time constant T, the 

MormationbitTheuseofpseudorandomsequencesmaybe monostable^ output 604 changes, signaling the presence of 

very beneficial over the above BPSK or QPSK examples in the string of 0*s or Ts (a long string of 0*s or l*s indicates 

the event that the radio environment has impairments such 10 the presence of a continuous tone at the input of the 

as multipara fading or narrowband interferers. Considering demodulator 601). The Bit T imin g Recovery Circuit 605 

the frequency and severity of these fades, it may be helpful generates the baseband data output signal 606. 

to spread the Uplink signal in order for the Uplink path to be When there is no subcarrier signal present at the demo du- 

more resistant to such fades. The two sequences, S x and S 2 , lator input, assume mat the Demodulator 601 produces 

should be chosen to be nearly orthogonal 15 random output with transitions typically much mare fro- 

The Interrogator 103 (FIG. 2) demodulates the subcarrier me *** ^. T ' so ^Monostable 603 is 

signal from the received RF signal, and then applies filter- continuously ^-triggered. This means that me Interrogator 

ing. Given the specifics of the subcarrier frequency, a 103 <** ^strngvish a no signal present condition from a 

suitable mtering amplifier is utilized, SubcairierDemodu. ^ Constant tone presenr condition at me demodulator outout 

lator 212 then demodulates the subcarrier signal. The Pro- Note me retriggerable monostable 603 is only one 

cessor 200 then performs the digital signal processing nec- possible implementation of this idea. More sophisticated 

essary to decode the informatioiL In some implementations statistics could be performed on the demodulator input 211 

of this invention, the Processor may be a Digital Signal to detect a possibly weak tone in a noisy background. In one 

Processor (DSP); in others, a conventional Microprocessor 25 emDodiment > me Processor 200 of Interrogator 103 is used 

could be used. To recover a u single tone" acknowledge signal to implement the Bit Timing Recovery Circuit 605 and 

from Tag 105, consisting of a single subcarrier tone, the Monostable Circuit 603. 

filtering amplifier would be a narrowband filter. While For me case in which the Tag is sending two pseudoxan- 

conventional filter technologies could be used, it may be dom sequences, the receiver circuits of Interrogator 103 of 

most effective to utilize the DSP mentioned above as a 30 FIG. 2 are modified as follows in FIG. 7. The Receive 

narrowband filter. The subcarrier frequency of this single Antenna 206 receives the modulated radio frequency signal 

tone is well known; as the Tag 105 would typically use an which is then amplified by Low Noise Amplifier 207 and 

inexpensive crystal as the frequency source. Even with the demodulated by Quadrature Mixer (QIFM) 701. The I and Q 

limited accuracy of that crystal, the subcarrier frequency channel signals 703 outputted from QIFM 701 are combined 

could be known to an accuracy of a few Hertz. Thus, very 35 (square root of the sum of the squares) in Combiner 703, 

narrowband filters could be used. Since the acknowledge mcn filtered by Klter 704, and then the result sent into two 

signal response from Tag 105 is used to extend the range of Correlators 705 and 706, one for pattern Sj and one for 

the RFED system and consequently would likely be a very pattern S 2 . Hie outputs of the Correlators 705 and 706 are 

faint signal, it places an additional burden on the narrow- sent to a Comparator 707 to determine if the result is a "0" 

band filter of filtering amplifier 210. 40 01 a ^S 11 ^ ^ 0Ut P ut of me Comparator 707 is then 

* *u *u **u i>on ^ . « . . sent to the Processor 200 to perform Uplink message syn- 

Another way that the DSP mentioned above could be used . 

. , . . ' . - - e cnromzation. 

is to dynamically search for the frequency components of „ . b described is merelv illustrative of the 

the Uplink signal. This could be accomplished by perform- ™ tos . . , f ™*^ UUistraUve ot tte 

ing a Courier Transform on the incoming daL stream, f * 1*°*??? ° f * e ^jit mvenUon. Otiier 

perhaps using a DSP, or using Processor 200 of FIG. 2. In 45 ^ff^f *? d ™ b V^^ m ^ b ? mose 

mis manner, the multiple signals representing a modulated ^ mthcart mthoUt 60111 mc ™ d 5C0 P C 

subcarrier signal could be differentiated; or, a single sub- of * e P' e . sent mventlon - 

carrier signal of uncertain data rate could be recovered by - C A C . 

using the Fourier Transform to search for multiple signals. A ra<ho system comprising 

50 an mterrogator including 

Thus, the modulated backscatter communication system means for generating a first modulated signal by modu- 

of the present invention can operate in two modes— one in UUng a first information signal onto a radio carrier 

which the backscattered signal is modulated to provide a signal, said first information signal indicating to 

high data rate Uplink communication channel, and one in which of multiple response modes a receiving tag 

which the backscattered channel is modulated with a low 55 should respond, 

data rate signal, perhaps a single tone, to provide an Uplink means f or transmitting said first modulated signal to 

acknowledgment signal that can be detected at great dis- sa i d a t least one tag, 

tances. In another system arrangement, we disclose a said at least one teg mduding 

method for building a demodulator/symbol synchronization means for rece i v ing said first modulated signal, 

and recovery unit to handle both modes. This arrangement ^ means for decoding said first modulated signal to 

works for a backscatter communication system using a obtain said ^ information signal, 

phase modulated mAe^^mM encoding. Dif- backscatter modulator means for modulating a reflection 

ferential encoding means Oat the data is encoded in (he of sM fifSt modulated ^ usi a second ^ 

changes in the subcarrier phase. A continuous tone subcar- tion d ^ wnose ^ or modulati on is 

ner is therefore equivalent to the bit sequence {0, 0, 0 . . . }. fi5 detcn ^ed from the contents of saii first information 

Shown in FIG. 6 is an Interrogator 103 having receiver signal, thereby forming a reflected second modulated 

circuits for demodulating the differentially encoded subcar- signal, 
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said inteirogator further including 
means for receiving said second modulated signal, and 
means for demodulating said second modulated signal, 
to obtain said second information signal, whose 
content, data rate, or modulation was determined 5 
from the contents of said first information signal. 

2. The radio communication system of claim 1 wherein 
said first modulated signal is generated using a first modu- 
lation type selected from a group including at least 
amplitude, phase, frequency, time-division, and code- 10 
division modulation types. 

3. The radio communication system of claim 1 wherein 
the interrogator demodulating means includes a homodyne 
detector and uses said first modulated signal as the fre- 
quency source input to said detector. 15 

4. The radio communication system of claim 1 wherein 
said first information signal indicates which of a first mode, 
including a data message in said second information signal, 
and a second mode, including an acknowledgment message 
in said second information signal, that said at least one tag 20 
should respond. 

5. The radio communication system of claim 4 wherein 
said second information signal consists of a single bit of 
information. 

6. The radio communication system of claim 5 wherein 25 
said single bit of information is communicated by the 
presence or absence of a single subcarrier tone backscatter 
modulating said first modulated signal. 

7. The radio communication system of claim 1 when said 
at least one tag responds in said first mode, wherein 30 

the bits of information contained within said second 
information signal are differentially encoded, and 
wherein 

said demodulating means demodulates the differen- 
tially encoded bits to recover the data within said 35 
second information signal. 

8. The radio communication system of rUim 1 when said 
at least one tag responds in said second mode, wherein 

the bits of information contained within said second 
information signal are differentially encoded, and 
wherein 

said demodulating means demodulates the differen- 
tially encoded bits to recover the data within said 
second information signaL 

9. The radio communication system of claims 7 or 8, 
wherein said interrogator includes 

means for providing a retriggerable monostable multivi- 
brator function to detect the acknowledgment message. 

10. The radio communication system of claim 1 wherein 
said interrogator includes 

processor means for performing a Fourier Transform to 
obtain said second information signaL 

11. A tag for use in a radio communication system 
comprising 

means for receiving said first modulated signal, 
means for decoding said first modulated signal to obtain 
said first information signal, said first information 
signal indicating in which of multiple response modes 
a receiving tag should respond, 
backscatter modulator means for modulating the reflec- 
tion of said first modulated signal using a second 
information signal whose content, data rate, or modu- 
lation Is determined by said first information signal, 
thereby forming a reflected second modulated signal. 

12. A radio communication system comprising 
an interrogator including 



10 

means for generating a first modulated signal by modu- 
lating a first information signal onto a radio carrier 
signal, said first information signal indicating which 
of multiple response modes a receiving tag should 
respond, 

means for transmitting to said at least one tag during a 
first time interval said first modulated signal, and 
transmitting said radio carrier signal during a second 
time interval, 
said at least one tag including 
means for receiving said radio carrier signal and said 

first modulated signal, 
means for decoding said first modulated signal to 

obtain said first information signal, 
backscatter modulator means for modulating the 
reflection, during said second time interval, of said 
radio carrier signal using a second information signal 
whose content, data rate, or modulation is deter- 
mined from the contents of said first information 
signal, thereby forming a reflected second modulated 
signal, 

said interrogator further including 
means for receiving said second modulated signal, and 
means for demodulating said second modulated signal, 
to obtain said second information signal, whose 
content, data rate, or modulation was determined 
from the contents of said first information signal. 

13. The radio communication system of claim 12 wherein 
said first information signal indicates which of a first mode, 
including a data message in said second information signal, 
and a second mode, including an acknowledgment message 
in said second information signal, that said at least one tag 
should respond. 

14. The radio communication system of claim 13 wherein 
said second information signal consists of a single bit of 
information. 

15. The radio communication system of claim 14 wherein 
said single bit of information is communicated by the 
presence or absence of a single subcarrier tone backscatter 
modulating said radio carrier signal. 

16. The radio communication system of claim 12 when 
said at least one tag responds in said first mode, wherein 

the bits of information contained within said second 
information signal are differentially encoded, and 
wherein 

said demodulating means demodulates the differen- 
tially encoded bits to recover the data within said 
second information signaL 

17. The radio communication system of claim 12 when 
said at least one tag responds in said second mode, wherein 

the bits of information contained within said second 
information signal are differentially encoded, and 
wherein 

said demodulating means demodulates the differen- 
tially encoded bits to recover the data within said 
second information signaL 

18. The radio communication system of claims 16 or 17, 
wherein said interrogator includes 

60 means for providing a retriggerable monostable multivi- 
brator function to detect the acknowledgment message. 

19. The radio communication system of claim 12 wherein 
said interrogator includes 

processor means for performing a Fourier Transform to 
65 obtain said second information signal. 

20. The radio communication system of claim 12 wherein 
said first modulated signal is generated using a first modu- 
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latloa type selected from a group including at least 
amplitude, phase, frequency, time-division, and code- 
division modulation types. 

21. The radio communication system of claim 12 wherein 
the interrogator demodulating means includes a homodyne 
detector and uses said radio carrier signal as the frequency 
source input to said detector. 

22. A method of operating a radio communication system 
comprising the steps of 

at an interrogator 

generating a first modulated signal by modulating a first 
information signal onto a radio carrier signal, said 
first information signal indicating which of multiple 
response modes a receiving tag should respond, 

transmitting said first modulated signal to said at least 
one tag; 

at said at least one tag 

receiving said first modulated signal, 

decoding said first modulated signal to obtain said first 
information signal, 

modulating, using a backscatter modulator, a reflection 
of said first modulated signal using a second infor- 
mation signal whose content, data rate, or modula- 
tion is determined from the contents of said first 



transmitting to said at least one tag during a first time 
interval said first modulated signal, and transmitting 
said radio carrier signal during a second time inter- 
val; 

at said at least one tag 
receiving said radio carrier signal and said first modulated 



10 



15 



20 



information signal, thereby forming a reflected sec- 25 comprising 



decoding said first modulated signal to obtain said first 

information signal, 
modulating, using a backscatter modulator, a reflection, 
during said second time interval, of said radio carrier 
signal using a second information signal whose 
content, data rate, or modulation is determined from the 
contents of said first information signal, thereby form- 
ing a reflected second modulated signal; 
at said interrogator 
receiving said second modulated signal, and 
demodulating said second modulated signal, to obtain 
said second information signal, whose content, data 
rate, or modulation was determined from die con- 
tents of said first information signal. 
25. A tag for use in a radio communication system 



ond modulated signal; 
at said interrogator 
receiving said second modulated signal, and 
demodulating said second modulated signal, to obtain 
said second information signal, whose content, data 
rate, or modulation was determined from the con- 
tents of said first information signal. 

23. A method of operating a tag for use in a radio 
communication system comprising the steps of 

receiving a first modulated signal, 

decoding said first modulated signal to obtain said first 
information signal, said first information signal indi- 
cating in which of multiple response modes a receiving 
tag should respond, 

modulating, using a backscatter modulator, a reflection of 
said first modulated signal using a second information 
signal whose content, data rate, or modulation is deter- 
mined by said first information signal, thereby forming 
a reflected second modulated signal. 

24. A method of operating a radio communication system 
comprising the steps of 

at an interrogator 
generating a first modulated signal by modulating a first 
information signal onto a radio carrier signal, said 50 
first information signal indicating which of multiple 
response modes a receiving tag should respond, 



30 



35 



40 



45 



means for receiving a radio carrier signal and a first 

modulated signal, 
means for decoding said first modulated signal to obtain 
said first information signal, said first information 
signal indicating in which of multiple response modes 
a receiving tag should respond, 
backscatter modulator means for modulating the reflec- 
tion of said radio carrier signal using a second infor- 
mation signal whose content, data rate, or modulation 
is determined by said first information signal, thereby 
forming a reflected second modulated signal. 
26. A method of operating a tag for use in a radio 
communication system comprising the steps of 
receiving a radio carrier signal and a first modulated 
signal, 

decoding said first modulated signal to obtain said first 
information signal, said first information signal indi- 
cating in which of multiple response modes a receiving 
tag should respond, 

modulating, using a backscatter modulator, a reflection of 
said radio carrier signal using a second information 
signal whose content, data rate, or modulation is deter- 
mined by said first information signal, thereby forming 
a reflected second modulated signal. 
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ABSTRACT 



An interrogator circuit (2) for use with a semi-passive 
transponder (30) of a type which reflectively modulates an 
incoming signal (28) is described. The circuit (2) comprises 
an antenna (4), a transistor (8), a matching network (6) 
connecting to the antenna (4) to an input of the transistor and 
means (12, 14) for operating the transistor such that it 
self-oscillates and radiates power (28) from the antenna (4) 
and simultaneously acts as a self -oscillating mixer to pro- 
duce an output (40) which is representative of the modula- 
tion of a signal 32 received at die antenna. For an efficient 
conversion gain the reflection coefficient of the aotenna (4) 
is configured to be low when the circuit is in a stable 
self-oscillating condition. 

13 Claims, 1 Drawing Sheet 
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INTERROGATOR CIRCUIT ARRANGEMENT balanced mixers which are configured as an image reject 

front end and have I and Q baseband receivers. Whilst such 

BACKGROUND OF THE INVENTION interrogator circuits are found to work very effectively in 

1. Field of the Invention terms of ran S e and roDUStness they have an associated 
' . . , . . . , ^ c s problem that their production cost is high, typically of the 

This invention relates to an interrogator circuit for use in order of a fcw hundred ds A number of applications 

a tagging system which has tags including a semi-passive or exist for a much lower ^ mte tor circuit which is 

reflective modulating transponder. capable of operating at a moderate rangej typicaUy ten 

2. Description of the Related Art mctres or so In addition to the need for an inexpensive 
The application of tagging systems using transponder 1Q interrogator, a whole new range of applications arises if the 

circuits is becoming increasingly widespread. Tagging sys- interrogator circuit could be operated from a battery source, 
terns generally comprise a number of integrator circuits At present, whilst the tags have very low power 
which are connected to a control centre by means of a consumption, the interrogator, which is typically located at 
communications network and a number of tags with which a fixed location and has the benefit of a mains power supply 
the interrogator can communicate typically by means of 15 available, has a relatively high power consumption. A need 
radio links. Generally an interrogator circuit is at a fixed therefore exists for an interrogator circuit for use with 
location whilst the tags are fitted to objects which are semi-passive transponders which has very low power con- 
mobile, sumption and can be effectively operated from a battery 

One example of a tagging system is a road tolling system supply over a long period of time, 

in which vehicles are fitted with a transponder (tag) which 2 o SUMMARY OF THE INVENTION 
can be interrogated by interrogating circuits which are 

situated at toll collection points around the road network. According to a first aspect of the invention an interrogator 

Communication between the vehicle and the interrogating circmt for use ^ a semi-passive transponder comprises: a 

circuit provides the requisite tolling information for charg- transistor configured in operation to self oscillate and simul- 

ing the road user. The applications for tagging systems are 25 taneously act as a self oscillating mixer to detect modulation 

virtually limitless, for example in the field of telematics, that of a si S nal a PP u ' ed 10 an in P ut of the transistor. Since the 

is, the communication between an infrastructure and inventions only a single transistor the circuit is inexpensive, 

vehicles, it has been proposed to use such tags in the has very low power consumption and can be operated from 

translation of road signs, for routing information and bus a battery supply. 

priority schemes to name but a few. Other applications 30 According to a further aspect of the invention there is 

include logistics, for example keeping tack of the move- provided an irrigator circuit for use with a transponder of a 

ments of goods such as food between a warehouse and a type which reflectively modulates a received signal, the 

number of retail outlets. In all of these applications the interrogator circuit comprising: an antenna, a transistor, a 

transponder circuit which typically operates at microwave matching network connecting the antenna to an input of the 

frequencies, needs to be inexpensive and have a long open- 35 transistor and means for operating the transistor such that, it 

ing life. To meet the former require the circuitry to be self-oscillates and radiates a signal from the antenna and 

simple, whilst the latter generally requires the circuit to have simultaneously act as a self-oscillating mixer to produce an 

low power consumption and be capable of operating from a output which is representative of the modulation of a signal 

battery source. reflectivity modulated by the transponder. 

Transponder circuits for tags may be "active", that is it 40 In a particularly preferred embodiment the circuit is 
includes its own radio transmitter and is able to transmit arranged such that the frequency of oscillation of the tran- 
without the assistance of the interrogator circuit, purely sist or is determined by the resonant frequency of the 
"passive" that is they can be read by an interrogator but antenna. As the oscillation frequency is determined by the 
cannot themselves talk to the interrogator circuit, or be what resonant frequency of the antenna this eliminates the need 
is termed semi-passive. Semi-passive transponders can 45 f° r additional frequency stabilization elements such as a 
detect data transmitted to them from the interrogator and dielectric resonator, thereby simplifying the circuit greatly, 
transmit information to the interrogator by reflecting and Furthermore since the oscillation frequency is denied by the 
modulating the signal received from the interrogator. As resonant frequency of the antenna this ensures the conver- 
such, semi-passive transponders do not include an active sions gain of the self oscillating mixer is high. This is 
transmitter and rely solely on the interrogator to provide the 50 because at resonance the return loss of the antenna will be 
communication medium. Such transponders are also often l° w which ensures the reflection gain of the transistor 
referred to as reflective modulator type transponders. Since remains high is a stable oscillatory condition, 
such transponders require minimal radio frequency circuitry Preferably the antenna is well matched to the transistor. In 
the tags are compact and have very low power consumption a preferred arrangement the interrogator circuit further corn- 
making them ideally suited to many tagging applications. 55 prises means for setting the resonant frequency of the 
The present invention relates to an interrogator circuit which antenna thereby enabling the frequency of operation of the 
is suitable for use with semi-passive transponders. This circuit to be accurately set 

requires the interrogator circuit to be cable of transmitting a Where it is required to operate the circuit at microwave 

signal and simultaneously demodulating a received signal. frequencies the transistor conveniently comprises a field 

The suitability of tagging systems to a given application 60 effect transistor, the antenna comprises a patch antenna and 

is at present largely limited by the cost of the interrogator the matching circuit comprises a micro strip line, 

circuit and tag transponder. Whilst much time and effort has Advantageously the interrogator circuit further comprises 

been expended in developing efficient, inexpensive semi- means for modulating the power radiated from the antenna 

active tag transponders the interrogator circuits remain rela- enabling the circuit to communicate information to a semi- 

tively complex and expensive. Usually a separate receiver 65 passive transponder. Preferably modulation of the signal is 

and transmitter circuit are provided which may or may not detected using a tuned circuit connected to the output of the 

use a common antenna. Often these circuits include double transistor. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The drawing is a schematic of an interrogator circuit of 
this invention. 

DESCRIPTION OF A PREFERRED * 
EMBODIMENT 

Referring to the drawing, there is shown an interrogator 
circuit 2 in accordance with the invention which comprises 
a patch antenna 4 configured for operation at 2.45 GHz. The 1Q 
antenna 4 is connected by a means of an impedance match- 
ing network 6 to the gate g of a field affect transistor (FET) 
8. In the embodiment illustrated the FET 8 is a Gallium 
Arsenide FET ATF 21 186 A. For operation at 2.45 GHz the 
matching network 6 comprises a microstrip line arrangement 15 
10 which matches the impedance of the FET 8 to that of the 
antenna 4 thereby ensuring the reflection coefficient, or 
return loss, of the antenna as seen from the FET 8 is low, 
typically of the order of -20 dB. 

Respective bias and matching networks 12, 14 and pro- 2 q 
vided at the drain d and source s of the FET 8. The bias and 
matching networks 12, 14 set the appropriate dc operating 
condition, bias condition, for the FET 8 and ensure that the 
FET 8 operates as a negative resistance; that is a signal 
applied to the gate g is reflected with increased magnitude. ^ 
Conveniently, the bias and matching network 12 comprises 
a microstrip line 16, a resistor 18 and capacitor 20 as 
illustrated in the drawing. The bias and matching network 14 
at the source s comprises a resistor 22, a capacitor 24 and 
microstrip line 26. It will be appreciated that the use of a 30 
particular bias and matching network is not essential to the 
invention and will depend on a given application, in 
particular, the required operating frequency which will 
largely determine the type of transistor/antenna required. 

The FET 8 is configured by means of the bias and 35 
matching networks 12, 14 to ensure that when the circuit is 
initially powered-up, that is, the circuit is in a small signal 
condition, the reflection gain of the FET 8 is greater than the 
refection coefficient (return loss) of the antenna 4. As a 
consequence when the circuit is powered up any signal 40 
which is present at the gate will be reflected with increased 
magnitude towards the antenna 4. Since the reflection coef- 
ficient of the antenna 4 is lower than the reflection gain of 
the FET 8 the majority of the signal will be radiated by the 
antenna 4. However a very small proportion of the signal 45 
will be re- re fleeted by the antenna 4 back towards the gate 
g, in the example 1 dB. This proportion will be re-reflected 
and amplified by the FET 8 and a small portion subsequently 
reflected by the antenna 4. This process will continue such 
that the signal magnitude will increase until the circuit 2 50 
reaches a stable oscillatory condition. In such a condition the 
reflection gain of the FET 8 becomes compressed and will 
equal the reflection coefficient (return loss) of the antenna 4. 
In this stable condition the circuit self -oscillates and radiates 
a continuous wave (cw) signal 28 at, or near to, 2.45 GHz 55 
The difference between the reflection gain and return loss in 
a small signal condition determines how quickly the circuit 
reaches a stable oscillatory condition. 

If a reflective modulator type transponder (semi passive 
transponder) tag 30 is placed in the vicinity of the interro- 60 
gator circuit 2 it will modulate and reflect the signal 28 to 
produce a modulated signal 32. The tag 30 modulates the 
continuous wave 28 incident upon it with information by 
generating a double sideband at, for example, a 100 kHz 
baseband. The modulated signal 32 is received by the 65 
antenna 4, The received 100 kHz sidebands are mixed with 
the transmitted signal 28, causing a baseband current to flow 
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in the sourse, which drives a series tuned circuit 34. The 
tuned circuit 34 comprises an inductor 36 and a capacitor 38. 
The selection of these components 36, 38 is used to detect 
a signal to produce a demodulated sign at an output 40 of the 
required baseband frequency. In the example the circuit 34 
is tuned for operation at 100 kHz 

It will be appreciated that the interrogator circuit 2 
operates to self-oscillate thereby transmitting a continuous 
wave signal 28 and is simultaneously capable of receiving 
and detecting a modulated signal 32 by functioning as a 
self-oscillating mixer. In doing so the semi-passive tran- 
sponder tag 30 is able to communicate with the interrogator 
circuit 2 even though it does not include its own active 
transmitter circuit. 

When it is required for the interrogator circuit 34 to talk 
to the tag 30 the signal 28 can be modulated by modulating 
the drain-source current 1^ of the FET 8. Modulation of the 
drain-source current modulates the reflection gain of the 
FET 8 which in turn modulates the magnitude of the signal 
28. It will be appreciated however that other methods of 
modulating the signal may be used within the scope of the 
preset invention. 

It is found that a high conversion gain efficiency is 
obtained when the reflection coefficient of the antenna 4 is 
low. This is achieved by arranging the circuit such that the 
frequency of oscillation is determined by the resonant fre- 
quency of the antennae. The frequency of self oscillation of 
the circuit is primarily determined by the point at which the 
net phase shift between the FET 8 and the antenna 4 is zero 
degrees and where the reflection gain of the FET 8 exceeds 
the return loss of the antenna 4. The frequency of operation 
of the circuit is thus determined by (more particularly 
controlled by) the resonant frequency of the antenna 8. By 
operating the circuit in this way eliminates the need for any 
form of frequency stabilization which would require high Q 
devices, such as a dielectric resonator, thereby simplifying 
the circuit greatly. Furthermore by operating the circuit such 
that its frequency of operation is controlled the resonant 
frequency of the antenna this ensures the FET 8 reflection 
gain remains high when it is in its stable oscillatory state 
since the return loss of the antenna is low at its resonant 
frequency. As the FET reflection gain remains high this 
ensures that the magnitude of the detected signal appearing 
at the output 40 is high. 

In a preferred embodiment of the invention a fine tuning 
circuit 42 is provided to enable the frequency of operation to 
be accurately set. In the circuit shown in FIG. 1 the fine 
tuning circuit 42 comprises; a resistor 44, a capacitor 46, a 
diode 48 and the patch antenna 4 includes an additional 
element 50. The capacitor 46 and diode 48 are connected in 
series between the element 50 and a point at ground poten- 
tial. The resistor 42 is connected between a point at a bias 
voltage, v bins and the point of connection of the capacitor 46 
and diode 48. In operation, adjusting the bias voltage will 
change the capacitance of the diode 48 which will affect the 
proportion of the radio frequency signal flowing to ground. 
This will change the effective length of the antenna which 
determines the resonant frequency of the antenna and hence 
the frequency of operation of the circuit. 

For the embodiment illustrated effect communication 
with a tag 30 over a number of metres, ten metres, is 
possible. The power consumption of the circuit is very low 
as typically the current consumption is of the order of a 
couple of milliamperes, and this enables the interrogator 2 to 
be operated from a battery supply for a long operating life. 
In contrast, known interrogator circuits consume a few 
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hundred milliamperes. A further advantage of the invention 
is the reduced circuitry and associated costs. For example, 
for the embodiment illustrated the physical dimension of 
circuit are about a twentieth of those of known interrogator 
circuits with a similar performance. Such a reduction in size 
is important in many applications, for example cordless 
telephones. 

It will be appreciated that modification to the circuit 
illustrated may be made within the scope of the invention. 
For example whilst a FET 8 is shown other forms of 
transistors may be used for example a bipolar transistor 
depending on the required frequency of operation. Likewise 
the precise details of the networks 6, 12, 14 can be tailored 
to suit the required frequency of operation. Furthermore the 
demodulated output 40 could be derived from the current 
flow at the drain d of FET 8 or other forms of detection may 
be used. 

What I claim is: 

1. A radio interrogator circuit for use with a transponder 
of a type which reflectively modulates a received radio 
signal, the interrogator circuit comprising: 

a transistor; 

an antenna connected to an input of the transistor; and 
means for operating the transistor as a reflection amplifier 
such that it self oscillates and radiates a radio signal 
from the antenna and simultaneously operates as a 
mixer to produce an output which is representative of 
the modulation of a radio signal received by the 
antenna which has been reflectively modulated by the 
transponder and wherein the frequency of oscillation of 
the transistor is determined by the resonant frequency 
of the antenna. 

2. An interrogator circuit according to claim 1 and further 
comprising means for setting the resonant frequency of the 
antenna. 

3. An interrogator circuit according to claim 2, which the 
means for setting, sets the resonant frequency of the antenna 
by changing the effective length of the antenna. 
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4. An interrogator according to claim 3 in which the 
circuit is operated at microwave frequencies and in the 
which the antennae comprises a patch antenna. 

5. An interrogator circuit according to claim 4 in which 
5 the means for setting the resonant frequency of the antenna 

comprises a further antenna element and means for setting 
what proportion of the signal received the antenna passes 
through the further antenna element to ground. 
10 6. An interrogator circuit according to claim 1 in which 
the transistor is a field effect transistor. 

7. An interrogator circuit according to claim 1 and further 
comprising means for modulating the signal radiated from 
the antenna. 

15 8. An interrogator circuit according to claim 7 in which 
the transistor is a field effect transistor and in the which the 
input of the field effect transistor comprises the gate and 
wherein the means for modulating the signal radiated from 

20 the antenna is operable to modulate the drain/source current 
of the transistor. 

9. An interrogator circuit according to claim 1 and further 
comprising a tuned circuit connected to an output of the 
transistor to detect modulation of the signal received by the 

25 antenna which has been reflectively modulated by the tran- 
sponder. 

10. An interrogator circuit according to claim 1 and 
further comprising a matching network connecting the 
antenna to the input of the transistor. 

11. An interrogator circuit according to claim 10, in which 
the matching network is configured such that the return loss 
of the antenna as seen from the transistor is low. 

12. An interrogator circuit according to claim 11 in which 
35 the matching network comprises a micro strip fine. 

13. An interrogator circuit according to claim 1 in which 
the transistor is a bipolar transistor. 

* * * * * 
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